
Supplementary Table 1. Primers used in this study. 
 

Primer  Sequence (5’-3’) 
HLA_DRA F GGAATTCCATGGCCATAAGTGG  

R GAAGATCTTCTTACAGAGGCCC  

HLA_DRB1 F GGAATTCCATGGTGTGTCTGAAG  
R GAAGATCTTCTCAGCTCAGGAATC  

SLA_DRA F GGAATTCCATGACCATACTTGGG  
R GAAGATCTTCTCACAGAGGCC   

SLA_DRB1 F GGAATTCCATGTTGCATCTGTG  
R GAAGATCTTCTCAGCTCAGGAGG   

M_titration 
F AGATGAGTCTTCTAACCGAGGTC 
R TGCAAAGACACTTTCCAGTCTCTG 
P GGCCCCCTCAAAGCCGA 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Fig 1. Neuraminidase treatment is not cytotoxic and efficiently 
removes SA form PAMs. 

 
 
 
Supplementary Fig 1. Neuraminidase treatment is not cytotoxic and efficiently 
removes SA form PAMs. Two methods to remove sialic acid form PAMs were tested. 
a, SA oxidation with NaIO4 was performed by incubating cells for with increasing NaIO4 
concentrations for 24 hours. After incubation, cell viability was evaluated (n=3 
independent experiments). Data are presented as the mean ± SEM of three 
independent experiments. b, neuraminidase treatment of PAMs was performed for 24 
hours. After treatments cell viability was evaluated for each neuraminidase 
concentration. Data are presented as the mean ± SEM of three independent 
experiments. c, Sialic acid on the cell surface of PAMs incubated wit 0 or 100 mU/mL of 
neuraminidase was evaluated by lectin staining and immunofluorescence. Scale bar 
represents 30 µm. 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Fig 2. Transfection of HEK-293T with MHCII-encoding plasmid 
yields high levels of MHCII expression.  
 

 
 
 

 

Supplementary Fig 2. Transfection of HEK-293T with MHCII-encoding plasmid 
yields high levels of MHCII expression. a, MHCII expression in HEK-293T cells was 
evaluated by immunofluorescent staining (red) at 48 hours post-transfection. Scale bar 
represents 30 µm. b, HEK-293T cells were desialylated using increasing concentrations 
of exogenous neuraminidase. At 24 hours post-treatment, a2,3 and a2,6 SA on the cell 
surface was examined by lectin binding and immunofluorescence. Scale bar represents 
30 µm.  



Supplementary Fig 3. Neuraminidase treatment completely removes sialic acid 
from HEK-293T cells after a 24-hour incubation. 

 
Supplementary Fig 3. Neuraminidase treatment completely removes sialic acid 
from HEK-293T cells after a 24-hour incubation. HEK-293T cells were incubated for 
24 hours at 37C with exogenous neuraminidase. After incubation, a2,6-SA (a) and 
a2,6-SA (b) levels on the cells surface were evaluated by lectin staining and flow 
cytometry. c, Median fluorescence intensity of samples treated and untreated with 
neuraminidase and a no lectin control determined by flow cytometry. d. Relative sialic 
acid levels on the cell surface were calculated by comparing the maximum fluorescence 
signal to non-treated HEK-293T cells (100%). Data are presented as the mean ± SEM 
of three independent experiments. 



Supplementary Fig 4. Infection of desialylated cells lead to the infection of MHCII+ 
cells only.  

 

 



Supplementary Fig 4. Infection of desialylated cells lead to the infection of MHCII+ 
cells only. a, Desialylated HEK-293T cells were transfected with MHCII-encoding 
plasmids and subsequently infected with either hVIC/11 (top panel) or sOH/04 (bottom 
panel) at 48 hours post-transfection. After a 24-hour incubation, cells were processed 
for flow cytometry and the percentage of infected cells among MHCII+ and MHCII- cells 
was determined. b, Desialylated and non-desialylated HEK-293T cells were infected 
with either hVIC/11 (top panel) or sOH/04 (bottom panel). At 24 hpi, cells were 
processed for flow cytometry and the percentage of FLUAV-positive cells was 
determined for each condition. c, Non-desialylated HEK-293T cells were transfected 
with equimolar quantities of either HLA-DRA+HLA-DRB1 or SLA-DRA+SLA-DRB1. At 
48 hpi cells were infected with either hVIC/11 (top panel) or sOH/04 (bottom panel) and 
the percentage of FLUAV-infected cells among MHCII+ and MHCII- cells was 
determined by flow cytometry. Images are representative data of n=3 independent  
experiments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Fig 5. Protein sequence alignment of HLA-DR and SLA-DR alpha 
and beta subunits. 
 

 
Supplementary Fig 5. Protein sequence alignment of HLA-DR and SLA-DR alpha 
and beta subunits. a, sequence alignment between HLA-DRA and SLA-DRA. 
Conserved amino acids are sown in red. b, Sequence alignment between HLA-DRB1 
and SLA-DRB1. Conserved amino acid are highlighted in red.  
 
  



Supplementary Fig 6. The pandemic 2009 H1N1 virus cannot infect desialylated 
MHCII+ cells.  
 

 
 
 
Supplementary Fig 6. The pandemic 2009 H1N1 virus does not infect desialylated 
MHCII+ cells. a, Desialylated and non-desialylated HEK-293T cells were infected with 
the H1N1 virus and the percentage of infected cells was quantified at 24 hpi by flow 
cytometry. b, Desialylated HEK-293T cells were transfected with MHCII-encoding 
plasmids and subsequently infected with the pandemic H1N1 virus at 48 hours post-
transfection. At 24 hpi post-infection, cells were harvested and stained for FLUAV and 
MHCII to determine the percentage of H1N1-infected cells by flow cytometry. c, HEK-
293T cells were infected with the pandemic H1N1 virus and at 24 hpi cells were 
processed for immunofluorescence in which SA (red), MHCII (pink), and FLUAV (green) 
were stained. Scale bar represents 30 µm. 
 
 
 
 
 
 
 



Supplementary Fig 7. CMAS silencing prevents sialic acid presentation on the 
cells surface and abolishes FLUAV infection. 

 



Supplementary Fig 7. CMAS silencing prevents sialic acid presentation on the 
cells surface and abolishes FLUAV infection. a, Sialic acid levels on the cells surface 
of parental A549 cells, A549 cells transduced with shRNA-CMAS, A549 cells 
transduced with shRNA-scrambled, or cells transduced with either shRNA-CMAS or 
scrambled reconstituted with a shRNA-resistant CMAS cDNA were evaluated by flow 
cytometry. b. Median fluorescence intensity of sialic acid from A549 cells described in a 
determined by flow cytometry. c. Relative sialic acid levels on the cell surface were 
calculated by comparing the maximum fluorescence signal to parental A549 cells 
(100%). d, cells described in a were infected with either sOH/04 or hVIC/11 at a MOI of 
0.1. At 24 hpi, supernatants  were collected at 24 hpi and viral titers under each 
condition were determined by RT-qPCR. e. Cells infected in d were harvested and 
stained for FLUAV (green) and sialic acid (red) for immunofluorescence. Scale bar 
represents 50 µm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Fig 8. Alignment between hVIC/11 and sOH/04 HA protein 
sequence.  

 
Supplementary Fig 8. Alignment between hVIC/11 and sOH/04 HA protein 
sequence.  Full length HA protein sequence alignment between hVIC/11 and sOH/04. 
 
 
 
 
 

1       10        20        30        40        50        60

hVIC/11 MKTIIA S ILCL FAQKLPG DNS ATLCLGHHAVPNGT VKTIT DQIEVTNATELVQ             V       N                  I                         L H                T                    N             

sOH/04 MKTIIA S ILCL FAQKLPG DNS ATLCLGHHAVPNGT VKTIT DQIEVTNATELVQ             I       S                  L                         F Y                M                    D             

        70        80        90       100       110       120

hVIC/11  SS G IC SPHQILDG NCTLIDALLGDP CD FQNK WDLFVERS AYSNCYPY VPDN                                                              I E  D        E            Q  G    K        K        D   

sOH/04  SS G IC SPHQILDG NCTLIDALLGDP CD FQNK WDLFVERS AYSNCYPY VPDS                                                              T R  N        K            H  D    E        T        Y   

       130       140       150       160       170       180

hVIC/11 YASLRSLVASSGTLEF  ESFNWTGV Q GTS AC R S NSFFSRLNWL  LN KYPAL                NN                                    F                               T N   S  I R N          TH        

sOH/04 YASLRSLVASSGTLEF  ESFNWTGV Q GTS AC R S NSFFSRLNWL  LN KYPAL                TQ                                    Y                               A D   Y  R E V          HN        

       190       200       210       220       230       240

hVIC/11 NVTMPNN  FDKLYIWGVHHP TD DQ  LY Q SGR TVSTKRSQQ VIPNIGSRP  R       E                K      A     I                    I         Q            V     IF    S             A         R  

sOH/04 NVTMPNN  FDKLYIWGVHHP TD DQ  LY Q SGR TVSTKRSQQ VIPNIGSRP  R       D                R      V     V                    V         K            G     TN    A             T         W  

       250       260       270       280       290       300

hVIC/11    S ISIYWTIVKPGDILLI STGNLIAPRGYFKI SGKSSIMRSDAPIG CNSECITP I                   N                                      N P R                               R              K        

sOH/04    S ISIYWTIVKPGDILLI STGNLIAPRGYFKI SGKSSIMRSDAPIG CNSECITP V                   S                                      G S I                               Q              N        

       310       320       330       340       350       360

hVIC/11 NGSIPNDKPFQNVNRITYGACPRYVKQ TLKLATGMRNVPEKQTRGIFGAIAGFIENGWE                           S                                

sOH/04 NGSIPNDKPFQNVNRITYGACPRYVKQ TLKLATGMRNVPEKQTRGIFGAIAGFIENGWE                           N                                

       370       380       390       400       410       420

hVIC/11 GMVDGWYGFRHQNSEG GQAADLKSTQAAI QI GKLNR I KTNEKFHQIEKEFSEVEG                                 N     L                                    R             D          G                  

sOH/04 GMVDGWYGFRHQNSEG GQAADLKSTQAAI QI GKLNR I KTNEKFHQIEKEFSEVEG                                 T     V                                    T             N          K                  

       430       440       450       460       470       480

hVIC/11 RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFE T KQLRENAEDMGN                                             K K            

sOH/04 RIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFE T KQLRENAEDMGN                                             R R            

       490       500       510       520       530       540

hVIC/11 GCFKIYHKCDNACIGSIRNGTYDHDVYRDEALNNRFQIKGV LKSGYKDWILWISFAISC                                         E                  

sOH/04 GCFKIYHKCDNACIGSIRNGTYDHDVYRDEALNNRFQIKGV LKSGYKDWILWISFAISC                                         Q                  

       550       560                                        

hVIC/11 FLLCV LLGFIMWACQKGNIRCNICI                                       A                                                      

sOH/04 FLLCV LLGFIMWACQKGNIRCNICI                                       V                                                      

 



Supplementary Fig 9. Gating strategy used for MHCII, FLUAV-infected cells, and 
sialic acid detection. 
 

 
Supplementary Fig 9. Gating strategy used for MHCII, FLUAV-infected cells, and 
sialic acid detection.  Example of the gating strategy used in flow cytometry 
experiments. a. Gating strategy used to identify FLUAV-infected cells shown in Figures 
2 and 4. b. Gating strategy used to determine sialic acid abundance on the cell surface 
in Figure 3. 
 


